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Let D be an (m, n; I?; A,, h,)-group divisible difference set (GDDS) of a group G, written 
additively, relative to ti, i.e. D is a &-element subset of G, I-I is a normal subgroup of G of 
index m and crier n and for every nonkero element g of G, I{(&, d,) 1 d,, C&ED, d, -d, = g)] is 
equal to A, if g is in H, and equal to A, if g is not in H. Let H,, M,, . . . , I-I,, be distinct cosets 
of H in G and Si = D n lYi for all i = 1,2, . . . , m. Some properties of S,, S,, . . . , S,, are studied 
here. Table 1 shows all possible cardinalities of Sj’s when the order of G is not greater than 50 
and not a prime. A matrix characterization of cyclic GDDS’s with A, = 0 implies that there 
exists a cyclic affine plane of even order, say n, only if n is divisible by 4 and there exists a cyclic 
(n - 1, in - 1, in - I)-difference set. 
1. PreGminaries 
For a GDDS D of a group G relative to H, H will oe called a divisor group of 





D is called abelian or cyclic if G is abelian or cyclic respectively. A (v, k, A)- 
difference set can be defined as a (v, 1; k; 0, A)-GDDS. GDDS’s with PI1 = 0 have 
been called relative difference sets. Every GDDS L, generates a groL;p divisible 
design, using G as the treatment set and all translates of D in G as blocks. Let 
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u z mn. An (m, n; k; AI, AZ)-GDDS with VI, n 2 2 is said to be (i) re.gular if 
(k - A,) (k2 - A2u) # 0; (ii) singular if k = Al ; and (iii) semiregular if k* = &II. 
Hoffman [2] showed that a cyclic afEne plane of order n exists iff a cyclic 
(n + 1, n - 1; n ; 0, I)-GDDS exists. The con&ctur~ “every finite cyclic affine plane 
must have its order a prime power” still remains open. Some results on this can be 
found in [2,1,4]. 
2. 
Suppose G is a group of order u, D is an (m, n ; k ; A 1, A,)-GDDS of G relative 
to H and I-II, H2,. . . , I-S,,, are distinct cosets of H in G. For all i, j, I E 
(192 ?..., m}, let si=IDnHi( and s(i,j)=s* iff Hi+Hl=Hj. s1,s2,...,sm are 
called intersection iaumbers of D relative RI H. By counting each of 
!WI, d2,d G 4, daE 0 4 - d2 = g E ~\@}}I and \&L d2, W I 4, d2~ 0 4 - d2 = 
h E Hi \{O}} I , j E { 1,2, . . . , m}, in two ways, we have 
(Cl) k(k-l)=A,(n-l)+A,(m-l)n, i.e. k2-A2v=k-Al+(Al-A2)n. 
(CT) Cz 1 Si (Si - 1) = AI(n - I), here Cz1 Si = k. 
(C-3) CL1 Si s(,j, i) = h2n for all j with E?j # H. 
But the lists [s(i, l), s(j, 2), . . . , s(j, m)] and [sl, s2,. . . , s,] are equal for all 
j=i,2 ,.._, m,so 
(C4) 7f UI 2 2, then fui all, j with Hj # H, 
E (Si-~(i, i))‘=2[k-A,+n(Al-A2)] 
i=l 
=2(k2-A,u)=:O. 
obviously, AI, AZ, Si’s must satisfy the constraints 
(C5) O~A,~k,O~A, Sk and Ossi sn for all iE{:i,2,. . . , m}. 
Let D be an (m, n ; k ; AI, A,)-GDDS of a group G relative to H. 
Suppose K is a normal subgroup of G of index ~32 and &, K2,. . . , K, are distinct 
cosets of K in G. If v = mn and (H n K( := x, then for !zll i E { 1,2, . . . , r}, 
where 
u(x)=[(r- 1)2(k -A,)+- l)(A, -A2)(n-rx)]1~2/r~ 
Equality holds in (2.1) if r = 2. Besides 
(i) If hi c K, then x = n and u(x) = (Y - l)(k’ - A2~)“‘2/~. 
(ii) If and (r, m) = 1, then x = n/r and u(x) = (r- l)(k -A1)“2/r. 
= n i E&2, . . . , P}. en XIX1 4 = k and 
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by cuunting 
I Wl, d2,4 I 4,dz fit D: 4 - 4 = d E K \{O}}l 
in two ways, we have 
jr 1 ( ) r 
t 4 (~-l)=A~(X-l)+A~ z-x * 
For any ie{l,2,. . . , r}, 
t 
and so, 
t2+(k -- ;j2 h2u 
i -~(k-h,)+(h,--h,)x+I. 
r-- 1 
By (Cl), it can be written as 
t~-2k~-(r-2)fk-Al)+(Al-A2)[n-(r-l)x]+A22~0. 
r 
Therefore, 1~ - k/r\ s u(x). 
For all the above inequalities, ’ = ’ holds if r = 2. It is easy to see tkat if H c K, 
then x = n ; if N$ K and (iv, m) = 1, then H U # generates group G and r = 
[H : H f7 K] = B/X. By (Cl), M(X) can be simplified as indicated. 
(i) k” - h221 is a perfect sqi?sare if m is men, and 
(ii) k - AI is a peeect square if m is odd. 
P’roof, (i) If m 1s even then there exists a normal subgroup K of G of index 2 and 
HzK. By Proposition 2.1,, ~ljCEnK\-~kl=~(k2-A2~)112 and so, k’--h2a is a 
pt:rfect square. Similarly, (ii) if nz is odd and let K be any subgroup of G of index 
2, then Proposition 2.1 (ii) implies that k - Al is a perfect square. 
If G is cyclic, a gel~era~~zation of the above corollary can be found in [3, 
T’h< arem 4.21. 
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roof. Clear by Proposition L. 1. 
according to the following Proposition, to study the possible parameters of 
GDDS’s, we hzay only consider those with k G&L By (Cl), (CZ), (C4), (CS) and 
Corollary 2.2, a computer program has been designed to find, as results in Table 
1, all possible parameters and corresponding intersection numbers of GDDS’s 
with group size v s 30, m, n a 2, 2, not a prime. 
O~SMO~ 2.4. Ler D be an (m, n ; k ; Al, A*)-GDDS of a group G relative to H, 
IGI =v, O<k<u. Then 
(i) D = G \ D is a GDVS of G relative to H with parameters 
(m,n;E=v-k;&=u--Zk+A,,&=u-Zk+A,). 
(ii) ff T : G -+ G’ is a group eladomorphism, H’ = I-3’ and T is orte to ofte crz D, 
then Al <lHl/lH’l- 1) = A,((G(/IG’I - \Hl/lH’l) = 0 and 3’ is a GDDS of G’ relative 
to H’ with parameters 
(m’ = \G’\/IH’(, n’ = \H’I; k’ = k; A; = Al, A; = A2 \GI/IG’\). 
oof. In the group ring Z[G], for A c G, let A(x) = CacA xa. Then 
(2.2) D(x) D(x-‘)= k+A, (H(x)- l)+A,(G(x)--H(x)). 
Therefore, 
(i) D(x&x-‘) = (G(x)- D(x))(G(x)- D(x-‘)) 
=k-A,+(A,-A,)H(xj+(u--Zk+h,)G(x) 
which implies that 0 is a GDDS as desired. 
(ii) &>ply 7 to (2.2), then D(x’)D(x-‘) = k -Al + (A, - AZ) lHl/l#‘l H’(x) + 
A2 \Gl/\G’l G’(x) in Z[G’]. Since T is one to one on D, the above equation implies 
that D’ is a GDDS of G’ relative to H’. Besides, the constant term of 
D(x’)CQ-‘) is equal to k, and k - Al + (A, - A,) \Z-QlH’~+ A2 ~G~jlG’l, so 
0 2 A1(l - lHl/lH’l) = 0 = A,(IG(/IG’( - IHl/lH’i) ;s 0. 
Therefore, D(x’)D(x-‘) = k + A,(H’(x)- 1) -+ A,JG(/(C’((G’(x) - H’(x)) and D’ is 
a GI?DS ot 6’ as indicated. 
It is interesting to note that in (i), E - x’, = k - A, and c2 - &_u = k2 - A+ 
Let us call a list of subsets, say (D13 D2, . . . , E& of a group G a 
{A,, AZ,. . . , X,)-difference family of G if for every nonzero element g of G, 
)I=Ai for some i=1,2 ,..., t. 
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3.!! o For an (m, n ; k ; Al, A,)-GDDS D of a group G re2atiue to H, if 
HI, J%, * l . , El,,, are distinct cosets of H in G and hi E Hi for all i E (1,2, . . . , m}, 
then [(DnI&)-hi Ii=l,2,..., m] is a (&}-difference family of H. If in addition, 
Al = 0, G, ’ &notes for tkze quotient group G/H and CT : G + G/El is the endomorph- 
ism such that ;P( g‘l = H + g for all g E G, then D” is an (m, k, A,n)-difference set bf 
Gl. 
of. The fist statement is clear because for any h E H\ {0}, 
Al = I(@,, d,) 1 dl, d2 E D, cl1 -d, = hjl 
= f I{(dl,d*))dl,d*E1-)nHi,d,-d,=h}l 
i ~21 
= f I((d;,d;)jd;,d;E(nnHi)-hi,dj-d;=hZI 
i-l 
=i$l I[(Dn~~)-hi]n[h+(DnHi)- hi& 
NOW suppose A~ = 0. Then all intersection numbers of D relative to H are 0 or 1. 
So c is l-1 on D and by Proposition 2.4(ii), D” is a difference set of @ as 
desired a 
For example, {1,6,7,9, 19,38,42,49) is a (3, 19; 8; 1, l)-GDDS of Z& relative 
to H = 3z5,. This implies that ({6,9,42} - 0, {1,7,19,49) - 1, (38) - 2) = 
({6,9,42), :O, 6,18,48), (361) is a {l)-difference family of H, i.e. [{2,3, 14}, 
(0,2!, 6,16}] is a (l)-difference family of &. Conversely, if we define A = 
(0,4”, 12,16,20,36}, B = {0,4,8,24,36}. C = (0,4,8,X, 28) and -0 = 
{0,12,20,24,28}, then [A, B, C, D] is a {9}-difference family of 4 Zw. It can be 
imbedded into a (4,ll; 21; 9, IO)-GDDS of Z&: A U (B f 1) U (C+ 2) U (D + 3). 
But this kind imbedding cannot be guaranteed. For instance, [(5,6,7,8,1 l), 
{1,4,9,10,12}1 {1,9, lo}, {1,5,7), (1,4, lo}, (1,7}] mentioned in [S] is a (5}- 
difference family of &. But the equation (Cl) has no solution for k(mod 13) 
when A1 =5 and n=13. 
Let P(M, K, A) be the predicate that K is a group, co+! K, M is a square matrix 
with all its entries in K U(oo), and if the binary operations + and - on K are 
extended to K U (~1 by a :t 08 = 0~ f cy = ~0 for all (Y E .H U (00). then the difference of 
any two distinct row vectors of M contains every element of K as its entry for 
exactly A times. In the following, we assume w$ G. 
Of . If D is an abelian (m, n ; k ; 0, hJ-GDDS of G rekatiue to H, then 
there exists an m x m matrix A such that P(k, H, h2) is true. 
N, be distinct cocets of in G and hi E 1:or ali 
an lpi X Sn matrix , ! = (Q,j) 2iS fOllOWS. Fox- ai; jE 
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{1,2, - ‘0, WI}, if there exists d E D I? Hi, then tilj = d - hi, otherwise uli = 00. For all 
iE{2,3,..., m) and .i~(1,2 ,..., M}, if Hi+Hl=Hj, then qj=alr+h,+IIr-!Ij. 
For A,= 0, A is well-defined and has all its entries in H U{oo). We claim that 
P(A,H,h,) is true. Let lGi#i’Sm and ej=qj-Uitj, j=1,2,...,m. For all 
jE(1.2 ,..., m\l, if Hi + Hr = Hi and Hi. + I$ = Hj then, ej # 00 iff there exist 
danpi, and d’EDnHl# such that ej=(d-~~)+I’:i~h~-~j-[(d’-I~~~)+~,+ 
h,+]=d-d’+-h,s. Th is implies that the number of occurrences of ai,y 
element h of H in (e,, e2, . . . , em) is equal to I{(d, d’) 1 d, dk D, d --d’ = 
h + hi*- lq}(, and so AZ. 
oroirl 3.3 (A Characterization of cyclic GDDS’s with AI = 0). Let ZI, m, n be 
positiue integers wiih 2) = ytirt. There exists an (m, n ; k ; 0, A2)-GDDS of E, if3’ there 
exists a sequence (Ye, q, . . .,-%a--1 in Zn U (m} such that if 
A, = 
then P(&, Z,.,, A2) is true. 
Proof. Suppose D is an (m, n; k ; 0, A,)-GDDS of Z,, then the corresponding 
lJivisor group is H = m&,. Similar to the proof of Proposition 3.2, if we let 
Ho=H5H1,..., H,_, be the cosets of H in Z, such that Hi = 
{jEZ,Ij=i(modu)) for all iE{O,l,...,m-I} and let tt,=i for all ie 
[Q, 1 7 . . - , WI, -- l}, then the matrix A = (qj)i,j=o, 1,. . . ,,,-I defined as follows has its 
entries in H U (m} and P(_4, H,, A,) is true. For all j E (0, 1, . . . , m - I}, if there 
exists d E D f7 Hi, then Qoj = d - j, otherwise Uoj = m. For all i E (1,2, . . . , m - 1} 
and j~(O,l,..., m - l}, if Hi + HI = Hj, then qj = aol + i + E -6. After simplifying 
these entries, we can write A as 
a00 a01 Qo2 l l l aott?--1 
%m-l+~ a00 a01 l l * a0 m-2 
aomw2+rn a,,_,+m uoo l ** II(,~_~ 
. . . 0 
. . . . 
. . . . 
fh1+m ao2+m ao3+m 9.0 no, 
Define ma = 0~ in Z, U (00) and let (Ye, CQ, . . . , (Y,,,_~ EE, U (00) such that a,oj = mq 
in H,U{oo) for all j~(O,l,..., m - 1). Then clearly, P(&, Z,, A2) is also true. 
Conversely, if ace, CY 1, . . . , QI,_._~ is a sequence of elements in Z, U (00) such that 
P(&, H,, A,) is true, then it can be easily checked that D defined by (i +- rnc~yi e 
I}) is an (m, n; k; 0, A2)-G S of z,. 
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.4L [ 11. For a cyclic (m, n; k ; 0, A&GDDS, if n > 1 and m > 2, then 
k<Vn. 
Core 3.5. If there exists a cyclic (n + 1, n - 1, n ; 0, l)-GDDS with n even, then 
n = 0 (mod 4) and there ixists a Hadamard difference set of Z,+ 
koof. Suppose n = 2q and there exists a cyclic (n + 1, n - 1; n ; 0, I)-GDDS. By 
Corollary 3.3, there exist ao, (Y~, . . . , a,, E En_1 U {a)) such that if 
tihen P(A, Zn_+ 1) is true. 
According to the proof of Corollary 3.3, we may assume, w.l.o.g., cyo = 00 and so 
ClIl, Q2, . . . , iY, EB,+ Let &=w and pi=ai -i(q-l)EZn-l for all iE 
II,29 l - - 9 n}. Then it is easy to see that for the matrix B defined below, 
P(B, Zn_+ 1) is true. 
Therefore, for all 1 s i G n, if we define Ai = (the 0th row vector of B)-(the ith row 
vector of B), then the summation of all the non-m entries of Ai is equal to 
n 
( I( CP i - f 63 i j-1 j-l jZi jfn-i+l 
and 0+ 1 + l l l + (n - 2) in Xn_1.. That implies Pn_i+l = fii for all i E {1,2, . . . , n}. 
Define g(x, y) = Ply + xpzy2 + l 0 . + xB~yq and f(x, y) = gk y)+ gk y”) in the 
ring Z[x, y]/(x”-‘- 1, yn+l - 1). Then 
fb, Y)f(X”-2T yn)=rq+(1+x+X2+ l ‘* +x”-2)(y+y2+ l l l +y”). 
SubsUuting 1 for y, we have 
4g(x, l)g(xn-2, l)-n+n(l+x+x2f 0**9-~). 
This implies that 4 1 n, PI, p2, . . . , & are pair-wise distinct and 
is an (n - 1, in, $n)-di fence set of &-I- 1x1 this 
adamard diflFerence set 
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. From Corollary 3.3 and the above proof, we can see that there exists a 
cyclic (n + 1, r1 - ! ; n; 0, l)-GDDS with 2 1 n, say n = 2q, iff there exists an 
(n - 1, $z, in)-difference set, say (&, &, . . . , P,}, of Z,_1 such that in 
H[x, y]l(P - 1, yntl - 1) if g(x, y) = xply + xB2y2+ l l * + xBqyq and f(x, y) = 
g(x, y)+ g(x, y”), then 
f(X,y)f(Xn-*,,jn)=.+(1+x~X*+ l ** +x”-2)(y+y*+ l ** +y”). 
Table I. In Table 1 all possible parameters and corresponding intersection numbers 
of GDDS’s are listed when the group size v s 50, v not a prime, m, IZ Z= 2 and 
k s $_I. Here (see also iippendix), 
(i) v, m, n, k, A, and A2 denote the usual parameters. d, = k - AI and d2 = k* - A+ 
(ii) (ml)xI(m&2 l l l (rq)x, means that 4 appears as an intersection number for 
exactly Wli for each i = 1,2,. . . , P. 
The criteria and the only criteria utilized to find Table 1 are conditions (Cl), 
(C2), (C5), I+- A221 3 0 and the necessary clonditions described in Corollary 2.2. 
Let H be a normal subgroup of G of index m 2 2. Table I includes cases which 
represent for the following GDDS’s of G relative to H: 
(i) a difference set of H; 
(ii) a singular GDDS of G relative to I-& i.e. O,+ N where DC; io a difierence 
set of G/I-I and (T denotes the endomorpbkm stated in Proposition 3.1; 
(iii) H U(D1 + h,) when nz = 3, D1 is a difference set of H and hl rf H. 
Table 1 also includes cases which do not have any solution for the correspond- 
kg GDDS’s due IO the following necessary conditions: 
(i) If m is prime, then G/H is cyclic and by (C3), for any two intersection 
numbers si, sj with i # i, SiSj s Aan.. 
(ii) If A,> 0 and w denotes the number of nonzero intersection numbers, then 
w(w-l)MV- 1. 
There are 31 and 13 cases in the table which do not meet the iabove conditions 
(i) and (ii) respectively. 
[I] J.E.H. Elliott and A.T. Butson, Relative differences sets, bllirrois J. Math. 10 (1966) 517.-531. 
[21 A.J. Hoffman, Cyclic affine planes, Canad. J. Math. 4 (1952) 259-301. 
131 S. Jacobs, Some results on cyclic group divisible designs, Ph.D. dissertation, The City University of 
New York, New York (1971). 
[4] H.-P. Ko and D.K. Ray-Chaudhuri, Multiplier theorems, submitted for publication in J. Combin. 
Theory (Ser. A). 
IS] J Wallis, On supplementary difference sets, Aequationes Math. 8 (1972), 242-257. 
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Table 1 
--_ -- 
U ( m . n , k . Al . A, ) dl d2 Possible intersection umbers 
6 ( 28 Jr 20 7r ;)I 
( 2r 30 30 30 11) 
( 30 20 2, 2r 3) 
( 3r 28 30 2r 11 
8 (2rG~3rZr0) 1 9 #=I 
( 20 40 4, it 0) 0 16 #=l 
( 4, 2, 2, 2, 0) 0 4 #= 1 
( 4020 3, or 1) 3 1 #= 1 
c 4, 2* 40 or 2) 4 0 #= 1 
3 (30302,100) 1 4 #= 1 C1)242)0 
( 303, 30 001) 3 0 #= 1 (3) 7 
( 3, 3, 3, 303) 0 9 #=l (1)3<2)3 
( 3, 3, 4, 301) 1 7 #=l (743<!)1(1)0 
10 ( 2, 504, 300) 
( 2J 5, 5, 5, 31 
( 5,202, 20 0) 
( 50 2, 4, 401) 
( 5r 2, 5, 40 2) 
1 16 #= 1 
0 25 #= 1 
0 4 #= 1 
0 6 #= 1 
1 s #=l 
12 ( 20 6, 5, 4, Oi 
( 2060 6, 600) 
( 30 4, 3, 203) 
( 3e 404, 400, 
( 304, 5, Grl) 
( 3,4# 6r 203) 
( 4# 30 2010 0) 
( 4 0 3, 3, 3, 0) 
( 4, 3, 5, 10 2) 
t 60 2, 2, 2, U) 
( 60 2, 4, 201) 
( 6020 5, or 2) 
t r,, 2, 60 Or 3) 
1 25 #= 1 (l)S<llO 
0 36 #= 1 <1)6(1)0 
1 9 #=l <1)3(2)0 
0 16 #=l 
1 13 #= 1 
<l,4#2'0 
~1)4(1)141)0 
4 0 #= 1 (3)2 
1 4 #=l <1)2t3)0 
0 9 #=l (1)3<3)0 
4 1 #= 1 <1)2<3)1 
0 4 #= 1 (1)2(5~0 
2 4 #= 1 (1)2<2)10)0 
S 1 #= 1 <S)l<l)O 
6 0 #= 1 (611 
14 ( 20 78 3, 103) 
( 20 7, 4, 200) 
( 2, 7, 6, 5, 0) 
( 20 7, 7, 700) 
c 7, 2, 2, 200) 
( 7, 2, 4, 001) 
( 70 2, 6, 60 2) 
t 7, 2, 7, 60 3) 
9 #= 1 
16 #=l 
36 #= 1 
49 #= 1 
4 #=l 
2 #=l 
8 #= 1 
7 #= 1 
15 ( 3, 5, 4r 5r 3) 
( 3, 5, 5, Sr 9) 
( 3, 5, 6, Sr 1) 
( 3, sr 7, 3r 3) 
( 5, 54 2P 14 31 
( 50 3, 3r 3r 0) 
( sr 3r 4, Or 1) 
( 5, 30 5r 4r 1) 
( 5, Jr 6r 38 2) 




















25 #= 1 






6 Id= 1 



























Table 1 (cont.) 
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( 2, 8, 60 20 2> 
( 2. 8r 78 6r 01 
i 2, a0 a0 a0 0) 
< 4r 40 30 2e oa 
< 4r 40 40 Or 1) 
i 40 44 40 40 03 
( 4040 60 20 2) 
< 4e4r 70 2e 3) 
( 8.20 Ze 20 0) 
( 6e 20 60 20 2) 
< ar 2, 7* or 3) 
( 80 2, 8r Oe 4) 
t 20 90 8e 7r 0) 
\' 2i 9u 9e 90 0) 
< 3ebi 5, 4e 3) 
c 3r 60 6. 6r 0) 
( 3, be 7r 6~1) 
< 6e fe tr lr 3) 
(. 6e 3e 38 30 0) 
t 60 30 6. or 2) 
( 6e 3r 9r 6.4) 
t 9e 2r 2@ 20 0) 0 
t 90 2e sr 40 1) 1 
< 90 20 8e 80 3) 0 
< 9.20 90 8r 4) 1 
t 2.10e 90 ae 0) 
( 2rlOelOe 1oe L)) 
( 40 se 4r 30 0) 
( 4r se 5s SP 0) 
( 4r 5s 7. 5e 2) 
i( 4r sr 9r 30 4) 
( Zr 4r 3r 20 0) 
( '0 4r 
i 5, 4. 
4e 40 0) 
8e 8 0 2) 
t se 4r 90 (30 3) 
(101 28 2e Ze i1) 
(10, Ze 7r 60 2) 
(lO# PP ar 20 3) 
(10e 20 9e Or 4) 











( 3. 70 3e lr 0) 
( 3. 7, 4r 2r 0) 
( 3r 78 5r lr 1) 
( 3r 70 Or si 0) 
( 3r 70 ?e 70 O? 
(: 3r ?- 80 7s t 1 
( 3r 7rJOr 8e 3) 
( 7r 3r 2e le 0) 
( 7# 3r 3r 30 0) 
(7, 3, sr l* 1) 
( 79 30 6r 6r 1) 













7 ( 7 e 2 . 8 8 I 1 0 3 1 
64 rY= 1 
81 Lm 1 
25 #=I 
a= 1 
:'t n= I 
4 Pm 1 
9 c- 1 
0 I- I 
9 n= 1 
#= 2 
4 #+ 1 
7 #a 1 
10 Y=l 
9 a= 1 
a1 u= 1 
100 AI= 1 
16 #=l 
2s #ia 1 
9 #= 1 
n= 2 
1 #= a 
9 #= 1 
16 #=I 
24 Y- 1 
21 #= 1 
4 W:r 1 
9 # 2% 1 
4 w+ 1 
9 #= 1 
16 #al 
4 Y* 1 
36 1Y= 1 
49 #a 1 
43 #= 1 
37 #a 11 
4 P* I' 
9 #r t 
4 Y= 1 
1s IIs1 
7 #o t 
ill= 2 




































































































48 Hai-Ping Ko, D. K. Ray -Chaudhuri 
Table 1 (cont.) 
u ( m, n . k , Al, A2 1 4 4 Possible intersection umbers 
(130 2012012 0 5 1 0 14 #= 1 <6J2<7)0 *SINGULAR+ 
(130 20130120 6) 1 13 #a 1 (6)2(1)1<6)0 
27 (: 30 9, 8, I, 0) 1 64 
( 3090 90 90 01 0 81 
( 3, 9,100 9, 1) 1 73 
( 309013, 6, 6) 7 7 
( 0, 3, 2, 1, 01 1 4 
( 9, 30 3, 3, 01 0 3 
( 0, 3, 6, 3011 3 9 
( 9, 30 80 40 2) 4 10 
( 90 30 90 00 3) 
( 90 3.~00 903s 







( 9, 3,120 6, 5) 6 9 





































































(6)2<1)1<2)0 +o1ff SETI 
28 ( 2 014 013012 0 0 1 
( -014,140140 O) 
( ;0 70 30 1 0 3) 
( 40 70 40 20 3) 
( 40 70 60 50 3) 
( 40 70 70 70 0) 
( 4.70 90 50 2) 
( 40 70130 50 6) 
( 70 4, 3. 200) 
( 70 4, 4, 40 Cl) 











( 7, 4, 70 601) 
( 7, 40 90 8, 2) 




( 7, 4 #12,12 0 4) 
( 7, 4,130 406) 
( 7 0 4 013012 0 5 1 
(14, 2, 2, 200) 
(14 0 2,110 6 0 4 1 
(140 2,120 2, 5) 
Cl40 2,130 Or 6) 








a* 1 <b)13<1)0 
#E 1 <1~16<1~0 *SINGULAR* 
a= 1 (1)3<3)0 
#= 1 <1)4<3)0 
#* 1 <1)6(3)0 
#= 1 <1)7<3)0 *SINGULAR+ 
#= 1 <1)6<3)1 
#= 1 <1)4<3)3 
#= 1 <1)3<6)0 
#l 0 <1)4<6)0 'SINGULAR+ 
#= I <113<3)1(3~0 
I%= 2 <3)2<4)0 
It= 1 <1)6<133<S)O 
w= 1 ~Z)t<l)l(b)O 
#= 1 ~1~4<1~3<3~1(2~0 
#a 2 <1)4~3)2<3PO 
#a 3 (3)3C1)1(3)0 
#= 1 <3)4<4)0 *SINGULAR* 
#= 1 <6~2<1~1 
#= 1 <3)4<1)1;3)O 
#= 1 (1)2<13)cl *SINGULAR* 
#= 1 <3)2<531<6)0 
#= 1 <1~2<10)1<3)0 
#= 1 (13)1<1)0 
AT= 1 (1411 *SEMIREGU+ 
30 ( 2,150 7, 300) 
( 2815, Sr 4001 
( 2,140 14013, '1) 
t 2015015,150 0) 
( 3010r 9, 8, 0) 
It 3 0 10 0 1;o 0 11) 0 3 1 
( 3 0 10 0 11 I 10 0 1 1 
( 50 60 50 40 31 
( 50 00 6, 603) 



















0 54 #= 1 <2)t643)0 *SIWGULAR* 
lntersertim theorems for group dkkii. le difference sets 49 
Table 1 (cont.) 
-- 
U ( m, n . k , ha, A,) dl &a Possible intersection numbers 
e 50 6rl.f~ 12 l 4 1 
( 6r Sr Gr 3009 
( 6r 50 50 50 0) 
( 60 50140 8r 69 
(10r 3# 2, 1, 0) 
(10, 3, 3, 3001 
(10, 30 80 1, 2) 
(10 0 3,110 1, 4 1 
(100 3014,100 6 I 
(15, 2, 2, 20 II) 
(15, 2, 6, 201) 
(15, 2,100 6, 3) 
(15, 2014,140 6) 
(15 0 2 015014 0 7 1 
32 ( 2,160 6, 2 0 0 1 
( 2016,100 6, IJ 1 
( 2 l 160lS014 0 O 1 
( 2 , 16 , 16 0 16 0 O 1 
( 40 8, 7, 6, 01 
( 40 8, 8, 8, 01 
( 40 8,100 6, 21 
( 4, 8,150 6, 7) 
( 8, 4, 3, 20 3) 
( 8, 4, 4, 400) 
( 80 4, 8, Or 2) 
( 8, 4,100 2, 3) 
(160 2, 2, 2r 0) 
(16. 2, 60 001) 
(16, 2,100 0, 3) 
(16, 2 012012 0 4 1 
(16, 2013~ 6, 5 1 
(16, 2,140 2r 6) 
(16 0 2,150 i‘r 0 a 1 
(16, 2,160 Or !3 1 
33 ( 3,110 5, 20 3) 
( 3011, 60 3, O 1 
( 3,110 7, 2, 'I 1 
( 3011010, 90 n 1 
( 3,11,11,11, O 1 
( 3 0 11 0 92 0 11 0 '1 1 
( 3 9 11 I 16 0 13 0 '5 1 
(110 3, 2, 1, J i 
(11, 3, 3, 3, IJ 1 
(11, 3, 60 3, 1) 
(110 3, 70 b, 1) 
(11, ?- 90 60 2) 
(11, 3rlOr 0, 3) 
( 11 , 3 P 11 0 10 I' 3 1 
(11, 3,120 6s 4) 
( 19 8 3r13 c 3 I 
1 49 #a 1 
1 04 #a 1 
0 25 If= 1 
6 16 #= 1 
ti' 2 
#a 3 
1 ; #at 1 
0 9 #a 1 
7 4 #= 1 
10 1 #*: 1 
4 16 #ar 1 
#at 2 
0 4 I= 1 
4 6 #= 1 
4 IO #= 1 
0 16 #pl 
1 15 W=l 
4 36 Y:= 1 
4 100 8:: 1 
1 22s #= 1 
0 256 #a: 1 
1 49 #II 1 
0 64 #= 1 
4 36 ha: 1 
#=: 2 
9 1 #= 1 
1 9 #= 1 
0 16 #=l 
8 0 #=l 
8 4 #= 1 
#= 2 
0 4 I= 1 
6 4 #=l 
10 4 #= 1 
0 16 IV= 1 
7 9 #= 1 
12 4 #= 1 
15 1 #= 1 
16 0 a= 1 
3 2s a= 1 
3 36 a= 1 
5 16 a=1 
1 100 a= 1 
0 121 #+ 1 
1 111 a- i 
3 91 d= 1 
:, 9 4 u=q # ll 
6 3 a= 1 
1 16 ati 
3 15 a=1 
#= 2 
10 1 #= 1 
1 22 #= 1 
6 12 #=1 
a= 2 
a= 3 




























































Table 1 (cont.) 
Hai-Ping Ko, D.K. Ray-Chuudhuri 
(.llr 4 #lS@lS # 6) 
(ilr "3 r14rlSr ?) 
34 ( 20 +7 e 16 l IS 0 0 1 
( 2 rl7817rl7# 0 1 
(17r 2P 2@ 28 a4 
(178 28 9r 0r 2 1 
( 17 I 2sl6r 16r 7) 
(lfr 2017P ?d 0 8) 
f‘ ,z ( sr ?r 3. lr 0) 
< sr 7# 48 20 0) 
( Sr 7r 6. Sr 0) 
c sr 7t 7r 7r 0) 
( sr fell0 9r 2) 
( sr 7r12r dr 3) 
( 50 7013rl2r 3) 
(: Sr 78140 ?P S) 
< sr ?rlSr ?r 6) 
( 50 ?r 168 128 6 1 
( 5r fr17r 8r 8) 
( ?a 5# 4r 3r 0) 
( 70 sr 50 sa 0) 
( ?r sr tar Oa 1) 
( 70 sr 7r 3r 1) 
( 7s sr 90 30 2) 
( 7r Srllr sr 3) 6 16 
( ?r 5,12r 3r 4) 
( 78 sr13r 9r 4) 
( ?# 5014r 8. S) 
( 7, SrlSr 9'1 l 5 1 
f 7, S~?QP 15. 6) 
f ?r Srl?r 8r 8) 
36 t 2rl8elSr 6r 6 1 
( 2 , 18 , 17 H 96 I 0 1 
( 2,113 # 18 R 18 R 0) 
( Jr12 rll rli)r ll) 
( 3r124 12r12r 0 1 
( 3 0 12 # 13 0 12 P 1 ) 








1 256 #= 1 <1)16Cl)O 
0 289 #= 1 r,l)17<1)0 *SINGULAR+ 
0 4 #= 1 <1)2<16)0 *SiNBULAR+ 
1 13 #= 1 <4)2(1)1<12)0 
0 18 #= 1 (8)2<9)0 *SINGULAR+ 



































a= 1 d1)3<4)0 
#= 1 dl)4<4)3 
#= 1 dlIb<&)O 
#= 1 <l)i<bIO *S1NGULAR* 
#-o 1 <1)7<1)4<3)0 
#= 1 C1)7<1)3<2)1<1)0 
#= 1 1:1)7<1)6C3)0 
ill= 1 4136;213i2>1 
#= 2 ~L~S~1>2~2)1 
#J 1 11)6<1)3<3)2 
#= 2 (3~4~1)3<1)0 
#a 1 ~1~7~1~6<3~1 
#= 2 (2)6<1)4<2)0 
#a 1 <1)5(2>4<2)2 
u- 2 (4)4<1>1 *oIff SET+ 
#= 1 (1)4<6)0 
#= 1 tl)S46)0 *SINGULAR+ 
Al= 1 tbIt<l)O 
#s 1 <1)4<3)1(3)0 
#= 2 C2)3<111<4)0 
#= 1 <1)4<5)1<1~0 
#= 2 (2)3(3)1<2)0 
#= 3 <1)3(3)2(3)0 
#= 1 (l)S16Pl 
a= 2 ~1)4<1)3(1)2<2‘)1(2)0 
#= 3 (3~3<1~2<3~0 
#= 1 <1)3<3)2t3)1 
#= 2 C6)2(1)0 
#a 1 ll)SC1>4f2)2<310 
#a 2 <314(1)1<3)0 
#= 1 ~l~s(l)c<s)1 
#= 2 <l~S<2)3(3)1tl~O 
#a 3 tl)S<1)313)2(2)0 
#= 4 <2)4~1)3C1)2(1)1<2~0 
a* 1 <3)564,iO *SfN6UCAR* 
#= 1 (3)516Ba<3)0 
#= 1 41)2<6)2 
w= 2 (2>4(452<1)1 
#= 3 <1)4<333C1)2(2)1 















#= 2 (2)6(1)3 *DiFF SEt* 
Intersection theorems for group diuisible difference sets 
Table 1 (cont.) 
_.- 
V ( m, n 9 k , AI, AZ ) d, dz Possible intersection numbers 
51 
( 40 9r 80 70 3, 
( 40 90 90 90 0) 
( 40 90110 I8 21 
( 40 90120 30 4) 
( 40 90130 60 4) 
( 40 90150 60 6) 
( 40 9rl70 7.8) 
( 60 60 50 40 0) 
( 60 60 60 00 1) 
( 60 60 60 6r 0) 
( Qr 6011010r 2) 
( 60 6zlSr 60 6) 
t br 6/1&r 60 7) 
t 90 4r 30 2r 0) 
( 90 40 40 40 3) 
t 90 40 80 80 1) 
f 90 40120120 3 1 
( 90 40150 6r 6) 
t 90 4r16r16r 6 1 
t 90 4017r16r 7) 
(120 3r 20 10 01 
(120 30 30 3r (1) 
(12r 30 90 30 2) 
(12~ 3rltr Or 4) 
t12r 3r13r12r 4 1 
(12 I 3~150 6 / 6) 
(18r 20 2r 2# 3) 
(18r 2- 90 40 2) 
(180 2014~ 120 5 1 
(18 0 2 r1sr 6r 6) 
t 18 I 2016~ 20 7) 
(18 I 2 l 17# 0.8) 
( 18 I 2018r Or 9) 
64 #a 1 
81 R+ 1 
49 #= 1 
0 #= 1 
25 Iif= 1 
u= 2 
9 a= 1 
Rl- 2 
1 un 1 
2s no 1 
0 #= 1 
36 Iy* 1 
49 AT= 1 




4 aa 1 
a= 2 
9 a= I 
16 ati 
28 #o 1 
36 #= 1 




40 #= 1 
37 #a 1 
4 a= 1 
9 #s 1 
9 as i 
#s 2 
0 aI 1 
25 a= 1 
9 Al= 1 
#= 2 
a= 3 
4 a= 1 
9 #= 1 
16 #= 1 
9 ly= 1 
4 as i 
a= i 
A a=d 
38 ( 2r19r 9r 40 0) 
t 2 019 rldr 5 I O 1 
t 2 r19r18r17 0 3 1 
( 2 , 19 I 19 0 19 0 5 ) 
(19. 2e 2P 20 3 1 
t19/ 20 70 61 1) 
tj9r 2r 9r Or 2) 
(19, 2rllr 20 3) 
(19, 2 r13r12 0 4 1 
(19, 2 r18r 18 I 8 1 

























































































81 #= 1 (119(1)0 
100 #= 1 (1~10~1~0 
324 #= 1 (1)18(1)0 
361 It= 1 (l)dP(l)O *SINGULAR* 
4 I= 1 <1)2(18)0 *SINGULAR* 
11 lY= 1 <3)2~1)1tlS)O 
5 #= 1 (9~1(10~0 
7 #* 1 C1)2(9)1(9)0 
17 #* 1 (6)2(1)1(12)0 
20 #= 1 (912ClORO *SINGULAR+ 
19 #= 1 (9)2(1)lt9)0 
39 ( 3r13r 4r 10 J) 16 w= 1 <1)4(2)O 
t 3,13, 9r 60 0 1 e 81 a= 1 (1)9(290 
5’ 6-. 
Table 1 (cont.) 
Hai-Fing Ko, D.K. Ray-Chaudhuri 
( 3r13r12r 11, 0 1 
( 3,43,130130 u> 
( 3,13,14,13, 1) 
( 3,13,17,14, 4) 
(13, 3, 2, 1, 3) 
( 13 , S, 3, 3, 3) 
(13, 3, 70 3, 1) 
(13, 3, 9.. U, 2) 
(13, 3010, 9, 2 1 
(13, 3,11, 1, 3 1 
( 13 , 3 F 12 , 1,' , 3 1 
( 13 , 3 c 13 , :,, 4) 
(13, Sr14r lr 5) 
(13, 3,15,Ir,r 5 1 
(. 13 , 3 1' 16 , 12 , 6 3 
(13, 3217 ,lO 0 i' 1 
( 13 , 3 018, 9 0 8 1 
(130 3,190 90 9) 
40 ( 2,20,13, 4, 4) 
( 2,20,17, &, 6) 
( 2,20,19rld, iI 1 
( 2,20u 20,20, 0 1 
( 4 r10, 9, d, 0) 
( 4rlI1,lOr I') u 0 1 
t 4,13 r12, 8, 2 1 
t 4 ,90,13, 4, 4 1 
( 4 rlOr19, 8, 9 1 
( 4,10 ,19,18, 6 1 
(588, 7, 6,OI 
c 508, 8, 8,31 
t 58 8rl1, 2,3r 
( 5, 8,13, 4, 41' 
( 5, 8,76,16, 4 1 
t 5 I 8,17,16, 5 ; 
i 8, 5, 4, 5 5, 3 0> OS 
( a. Sr?Jr 40 41 
(-JJ, 4, 3, 2, 0) 
( 'rcl, 4, 4, 4, 0) 
(104 4, iu 2~1) 
(ldr 4, 9, 0, 2) 
('10 * 4, 03, 4, 4 1 
1 144 u= 1 
0 169 #* 3 
1 157 nt 1 
3 133 #= 1 
1 4 #= 1 
0 9 #= 1 
4 10 #=l 
#= 2 
9 3 #= 1 
a 22 #= 1 
10 4 #=a 
0 27 #= 1 
7 13 #=l 
#= 2 
#= 3 
13 1 #= 1 
0 30 #= 1 
4 22 #= 1 
#= 2 
7 16 #=l 
#= 2 
#= 3 
9 12 #= 1 
#= 2 
# t 3 
#= 4 




9 9 #= 1 
9 49 #=l 
. A 361 400 #= 1 
1 81 #= 1 
0 100 #= 1 
4 64 #=l 
9 9 #= 1 
#= 2 
11 1 #= 1 
1 121 #= 1 
ii- 
0 49 64 w- I= 1 
9 1 #=l 
9 9 w= 1 
#= 2 
0 96 #= 1 
1 89 #= 1 
1 16 #=l 
0 25 #= 1 
9 9 #=l 
#= 2 
#= 3 
1 9 #r "r 
0 16 #=l 
5 9 #= 1 
#= 2 
9 1 a= 0 
9 9 #= 1 
Possible ircersection umbers 





























htersec:ion tkwems for group dkisible difference sets 53 
Table f (cont.) 
( m, A . k , Al, A,) d, dz Possible intersection numbers 
i IO l 4 l is l la l 5 ) 
(ii) 0 Gel60 80 6 1 
Cl00 4418~ 60 8 1 12 
Cl0 0 4 0190 60 9 1 13 
CZOr 20 20 20 0) 0 
(200 20 7s 4r 1) 3 
(200 2.130 4r 4) 9 
C 20 0 2 0160120 ", 1 4 
(200 20170 60 7 1 11 
(200 2.180 20 9) 16 
(200 2P19# or 9 1 19 
< 20 l 2 l 20s Or 10) 
42 C 2021r sa 10 0) 
C 2 0 21 @ 16 0 12 8 3 1 
< 2 # 2lr 20r 19 8 0 ) 
C 2r21r 21r 2i 0 0) 
C 3r14r13o12 # 0 1 
C 3,14 814,14# 0 1 
< 3014 rlSr14r 1) 
C 3014s ‘l7r 8r 6 1 
C Or 7r J# l# 0) 
C br 7.40 2r O 1 
C 6e 7~ 6r 5r 0) 
C 6r 7r 7~ Tr 0) 
C 6r 7rl6r Sr 6) 
C 70 6r 5r 4r 0) 
C 70 6r 60 6r 0) 
C 70 6r 8r 4r 1) 
C 70 6r12r12r 2 1 
























C 7, 6r16r12r 5) 
C 7, 6~ i8rldr 6) 
C 7, 6r19r18e 7) 
C 7 o 6 R 21r 12 010 ) 
5 
8 
#= 2 C2)3(7)1(1)0 
U= 3 <1)3C3)2<4)1 C2>0 
#a 4 (6)2!8)1(3>0 +OIFF SET+ 
2s Y=l 12~4<13364)1~3~0 
#= 2 X2)4(3)211)1 (410 
n= 3 <1~4~3)3~2)1<4~0 
a= 4 CS~3<S)O 
16 #=l <2)4<8)1 
#= 2 <1)4~2)3(6)1~1)0 
#= 3 (1)4(1)3(3~2~331<2~0 
#= 4 ~1~4(6~2(3)0 
#= 5 <4)3<4>1<2)0 
#= 6 13)3(3)2Il)1<3)0 
4 #= 1 <1)3<612( 331 
#= 2 <9)2(13a 
1 #= 9 <9)2(1)1 
4 #=I <1)2<19)0 *SINGULAfI* 
9 #= 1 ~2~2<3)1<15~0 
9 #= 1 C2)219)119)0 *DICF SET* 
16 #* 1 ~6~2(4)1ClO~O 
9 #= 1 <3)2<11)1<6)0 
4 #= 1 CI)2C16)113)0 
1 #= 1 <19)1<1)3 
256 #= 1 
400 #= 1 
441 #= 1 
169' #= 1 
196 #= 1 
183 &= 1 
37 iI= 1 
9 #=l 
16 #=l 
36 #= 1 
49 #= 1 
4 #= 1 
#= 2 
25 #=l 
36 #= 1 
22 #= 1 







46 #= 1 
#= 2 
72 I= 1 
67 #= 1 











































54 HaLPing Ko, D. K. Ray -Chauiihwi 
T3!+~ 1 (cont.~ 
-.-. - 
11 t m , n , b. , Xl , A2 1 4 82 Possible inters&on numbers 
_- 
(140 30 20 1, 01 
(14, 3, 3, 3, 3) 
(14, 3,POr 602) 
(14, 3,130 0, 4) 






(14, 3, 'I90150 8 1 4 
(2102, 2, 20 II) 0 
( 21 0 2 0 'IO 0 10 0 2 1 0 
f 23, 2012,120 3) 0 
( 21, 2,160 Or 6 1 16 
( 21 0 2, ro, 20 0 3) 0 
( 21 0 2 0 21 0 20 0 10 1 1 
44 ( 202t20 7, 20 0) 
< 202~!0150100 J) 
( 20 22021,200 0 1 
t 20i2 0 220 22 0 0 1 
( 4,1:, 5, 2, 0) 
i 4,110 6, 30 0) 
( 4,11,10, 90 0) 
( 4011,110 It 0 0) 
( 4 011,130 9, 2 1 
( 4011021, 9,101 
(110 40 30 2, 3) 
(110 40 40 4, U) 
(11, 4011010, 2) 
f: 118 4 0 130 12, 3 1 
(11, 4r20020, 8) 
( 11 0 4021,200 c 1 
(22, 2, 2, 2, CI 1 
t 22, 2 018012 0 7 1 
(22, 2,190 60 H 3 
(22, 2,200 2, 9) 
ir 22 , 2 0 21 0 O 0 10 : 





















45 (: 3,150 7, 3, ;J ) 
1 301-5, 8, 4, 0 1 
t 3,150 9, 30 1) 
; 3 015 012 0 3 0 3 1 
( 3 01s 014 013 0 0 1 
t 3 015 01501s 0 0 1 
t 3 0'15 0 16 0 1s 0 1 1 
( sr 15,220 la, 7) 
( Sr 9. 8, 703) 
( 50 9, 9, 900) 
( 5r 9,120 3, 3) 
t 58 3,130 6, 3) 
( 5~ 9,170 7, 6) 















I= 8 t5)441bl41)0 
4 #r 1 <1)2(13hO 
9 Ilo 1 (1)3<13,0 *SfNGULAR* 
16 #=I <2)3t4)1<8)0 
#= 2 <1)3(312tl)lt9)0 
1 #= 1 C13)l<Z)O 
4 a= 1 C1)3<13)1 
#= 2 <3)2ClO)ltl)O 
25 w* 1 <S~3<4)l~S~O 
#= 2 <4)3<3)2<l)lt6)0 
4 #= 1 ctB2t2o)o *SINGULAR* 
16 #*-I (S)Z~lb)O *SINGULAR* 
18 #*l (612Cl510 *SIN6ULAR* 
4 #+ ? (16)lCS)O 
22 #= 1 <13)2Cll)O *SBYI'~I?LAR* 
21 #= 1 <90~2<1)1~10~0 
2;; ATa #= 1 
441 #= 1 
484 #= 1 
25 #= 1 
36 #= 1 
100 a= 1 
121 #= 1 
81 #= 1 
1 #= 1 
9 #= 1 
16 #=l 
33 #= I 
37 #= 1 
48 #= d 
45 Al=1 
4 #= 1 
lb #=l 
9 #=t 
4 #= t 
49 #a 1 <1$7<2JO 
64 #a 1 t1)8t2)0 
36 #= 1 <l)tCZJl 
9 #= I <1)6<213 
hf= 2 (2)5<1)2 *ktFIF SET* 
196 W= 1 cl,le<2~0 
22s #= 1 Cl)lS<2)0 *SINGULAR+ 
211 #r 1 ~1~15<1)1(1)0 
169 #= 1 c1~15~1~711)0 
64 #'r 1 (1)8<4)0 
81 b= 1 (1)9(4)0 *SINGULAR* 
9 #=l (l)Ct2)3t2)1 
#a 2 (4)4(1)0 *OIFF SET* 
34 I= 1 (1)7<1)3(3)1 
Ir: 2 ~1)7<3)20)0 
r= 3 <136(134(1)3(2)0 
19 kc: 1 (1)6tq)SC3)2 
1s 2 (1)6t2)4(1)2(1)1 























109 fl= 1 t1)9<1)8(3)0 
lnttwection theorems for group divisible diflerence sets 55 
Table 1 (cont.) 
Possible intersection umbers 
6 50 9,20,,860 7) 4 
( 5 0 90210 12 0 9 1 9 
( 90 50 4,* 30 0) 
( 90 50 50 50 0) 
( 90 5. 80 40 1) 
C 90 50 90 80 1) 
( 90 150120 30 3: 
( 90 50130 90 3) 
( 90 sr 16.100 s 1 
( 90 50170 80 6) 9 
( 90 50200150 8) 
( 90 S021rlSr 9) 
(lS0 3r 2r 18 0) 
(15s 3r 3r 30 0) 
(1Sr 3r 7r Or 1) 
(IS0 30 80 7r 1) 
(lS0 3010r 30 2) 
( 1;~ 38120 3r 3) 
ClSr 30140 70 41 
(15, 3rlSr Or s 1 
(15 / 3 r16rlS I s 1 
(1Sr 3r17r!Or 6) 
(1Sr 3‘18r 6r 7) 
(15, J.Zlr21r 9) 
(1Sr 3r22r21rlOI 
46 ( 2r23r11r Sr 3) 
( 2,23,12r 6r 0) 















82 #m 1 






2s ry- 1 
19 #=l 















40 #= 1 
#= 2 
#= 3 





4 #= 1 
9 #= 1 









0 Al= 1 




9 #= 1 
#I= 2 
#t 3 
36 #= 1 
34 #= 1 
121 #= 1 
144 I= 1 




























































56 Hai- Ping Ko, D.K Way -Chaudhuti 
Table 1 (cont.) 
3 -.-- 
u ( m, n , k , Al, A:!) 4 4 Passible intersection muhers 
-- 
( 2 #23023# 23# 0 9 
<23# 2r 2P 20 39 
(230 2rl7r 80 69 
( 23 e 2 , 22 # 22 0 10 9 
( 23 R 2 I 23 9 22 c 11 9 
48 ( 2,24rlS,r 6r 39 
( 2r24/23~ 22r 0 9 
( 2 # 24 R 24 . . 24 # 0 1 
( 30160 60 20 09 
< 3r16 0101 6r 01 
t 3rl60 13r 4r 3 9 
( 3r16rdSp 140 0 9 
( 3 r16 #16016 l O 9 
< 3 , 16 , 17 I 16 0 1 1 
( 3,160 190100 6 9 
( 3016,220 130 6 9 
( 4 0 12 c 11 0 IO # 0 9 
( 4r 12Y 120 120 0 9 
( 4 r12 r14 010 0 2 9 
( 4 R 12 o 23 0 10 p !d 9 
( 60 8. 70 6r 09 
( 60 Sr 80 8r O) 
( 80 or 50 40 09 
( 80 6r 6r 60 01 
( 8r 6r 7. Or 19 
< 8r 6013~ 60 3 3 
8r 5 0 168 6, 5 9 10 
( Ir 6r17r 40 69 
(.12r 4r 3, 2r 09 
(12r 4r 40 40 09 
(12r 41 C)r 40 1) 
(120 40 12r Or 3) 
(12r 40130 80 39 
(12, 4 #I40 2 @ 4 9 12 
(12, 4r18~14, 6 i 4 
(12~ 4r21r 8r 0; 13 
( 12 I 4 @ 23 # 22 0 10 1 1 
( 12 , 4 I 24 4' s # 12 1 96 
(16~ 3r 20 1r 39 1 



























529 #= 1 
#o 1 
134 #= 1 
100 #t 1 
25 #=l 
22s #= 1 
256 #= 1 
241 #= 1 
73 #a 1 
196 W= 1 
121 us 1 
144 iUs 1 
100 k‘s 1 
'I CT= 1 
49 #= 1 
64 #= 1 
2s #= 1 
36 U= 1 
1 #= 1 











1 #!a 1 









4 #= 1 
#= 2 
36 #2 1 
8:x 2 
Jj* 3 




49 ad 0 1 
0 rz: 1 
4 #* 1 

























































Cl212 *SEESI REGW 
tlB2<‘1sbo 
<19311590 *SINGULAR* 
Intersection theorem for group diuixible difference sets 57 
Table 1 (cont.) 
a- 
U ( m 9 n , k , At, A2 1 4 d, Possible intersecth numbers 
6 16 # 30100 00 2) 10 
< 16 0 30110100 2) 1 
< 16 0 30140 10 4) 13 
( 16 0 30170 10 6) 16 
< 16 0 3 0 18 0 18 0 6 ) 0 
( 16 0 30200100 8) 10 
( 16 0 30220 6.10 1 
(240 2, 20 20 0) 
( 24 0 2016010 0 5 1 
(: 24 0 20200120 8) 
( 24 0 20210 60 9) 
( 24 0 20 220 2010) 
( 24 0 20230 001-l 1 
(24 0 20240 0012 1 
49 ( 70 70 30 10 0) 
< 70 70 40 20 O) 
c 70 70 60 fir 0) 
(: 7r 70 7r Or 1) 
( 70 70 70 7r 0) 
( 70 70 90 50 1) 
( 70 7rlOr lr 2) 
( 70 70100 80 1) 
( 7r 70120 80 2) 
( 70 70138 Sr 3) 
( 7 0 70 130 12 0 2 I 1 
( 70 70150 70 4) 8 
( 7 v 7,lSr 14 0 3 1 
( 7r 7rl6r 50 3) 
( 70 70 160120 4 1 
< 70 70180 90 6) 
( 7 0 70180 16r 5 1 
( 70 70190 80 7) 
























265 #+ rv= 1 
4 u= 1 
1 a= 1 
36 Iy= ‘I 




4 #= 1 
4 I* 1 
16 Y=l 
16 #=l 
9 #a 1 
4 #= 1 
1 #= 1 
0 #= 1 
9 #J 1 
16 Y=l 
36 kl= 1 
0 #= 4 
49 n= 1 
32 #= 1 
2 a= 1 
51 U=l 
"2: #= Al= 1 
I= 2 
#= 3 
7S #= 1 











60 U= 1 
#= 2 







79 #= 1 

























58 Hai-Ping Ko, D.K. Ray -Chaudhuri 
Table 1 (cont.) 
--- -. - 
U ( rn , n , k , A, , A2 ) 4 4 Possible rntersection numbers 
C 7 , 702lr 709) 14 0 
C 7 0 7021, 'l4, 8) 7 4? 
( 7, 7,210 21, 7) 0 98 
C 7, 7022,140 95 8 43 
( 7, 7,220 21, 8 1 'I 92 
( 7 0 7 0 24 0 15011 1 '2 37 
( 7, 7024022,liI) 2 86 
50 ( 2,250 90 300) 6 81 
( 2,250 16,100 3 1 6 256 
( 202Sr2402300) 1 576 
( 2025,250 25 0 3 1 0 625 
( 5 ,100 9, 8, 0) 1 81 
( 5010,100 10 0 O 1 Cl 100 
( 5 0100130 4 0 3 1 9 19 
( SrlO,l?r 8 0 5) 9 39 
( 5,10P20,200 5) 0 
C 5010021,200 6) 1 
(10, 5, 40 3, 0) P 
(10, 5, 5, 500) 0 
(10, 5,100 0, 2 1 10 
( 10 0 5,200 508) 15 
( 10 0 5 0 25 0 15 0 12 1 10 
(250 2.r 2r 2, 0 1 0 
(250 2r 114, a, 11 0 
(25, Zr13r12, 3 1 1 
(25, L ,16r+ 0, 5) 16 
f 25 , Zr18r18 0 6 1 0 
(25, 2024024ellI 0 
( 25 , 2 0 25 I' 24 . 12 1 1 
150 
141 
16 
2s 
0 
2: 
4 
1' 
lb‘ 
6 
24 
26 
2s 
us: 1 
#e 1 
#= T 
#a ; 
ly= 4 
#= 5 
$d'r 1 
I= 1 
#* 2 
#= 3 
#a 4 
#* 5 
a= 6 
#= f 
#a: 8 
#s 1 
I= 1 
#a 2 
a= 5 
I= 4 
a= s 
#= 6 
I= 7 
#= 8 
n= 1 
#a 1 
w= 1 
#= 1 
Al= 1 
#= 1 
#= 1 
#a 1 
w= 2 
#= 3 
#= 1 
#= 2 
#s 1 
I= 1 
#= 1 
#= 1 
#= 1 
#= 1 
a= 1 
a= 2 
#= 3 
I= 4 
# 5 
#: 6 
id= 7 
#= 8 
a= 9 
r(l=lO 
;i'm 7 
1J= 1 
Is 1 
W= 1 
I= 1 
#= 1 
#= 1 
Cl~Q(l)O 
(1; 16Cl)O 
<1)24<1)0 
<1)25<1)0 *SINGULAR* 
<1)9<4)0 
<1)10<4)0 +SXNCUCAR* 
<1)6<3)2tl.I1 
<1)%(1)4(2)2<1)0 
<JiS<l~l(l)O 
<1~8<134~2)2~1~1 
<2)6<1)4Cl)l(l)O 
<2)10(3)0 *SINGULAR* 
<2)10<1)1<2)0 
<1)4<9)0 
(l)S<9)0 *SINGULAR* 
(1031 *SEIIIRECU* 
(1012 *SEWIREGU* 
<2)5<1)4(4)2<3)1 
<?bSt3)3(1)2(4)1 
(2)2(2)3<4)2<1)1<1~0 
(l)S<3)4~2)2(4~1 
(lIS<2)4<2)3(2~2(2~1<1)0 
(l)S<l)4<4)?~2)2<2)0 
CS~4<S~l 
<4)4<2)3(3)1(1)0 
(4)4C163<3)2<2)0 
<3ICt4)3(1)1(2)0 
(1)2(24)0 *SINGULAR+ 
(4)2<21)0 *SINGULAR* 
t6)2<1)1<18)0 
(15)lC9)0 
<9>2<16)0 *SINCUl.AR* 
Cl2)2C13)0 *SLNCULAR* 
(12>2<1)1(12)0 
